could be determined at the micromolar level with a maximum rate of 220 samples/h, whereas antigens (thyroxin) and triazine herbicides (simazine, atrazine and propazine) could be monitored at the nanomolar level in less than 2 rain. The time of appearance of the transient response obtained for herbicides was increased to the order of simazine, atrazine and propazine which has permitted analysis of these triazines in mixtures.
Introduction
Lipid membrane based biosensors have recently been described as a useful tool for monitoring at a continuous or single format mode a large number of compounds of clinical, pharmaceutical, environmental and industrial interest [1] [2] [3] [4] [5] [6] . These systems provide a route of generic transduction of an analytical signal with advantages of high sensitivity and selectivity, and fast response times; lipid membranes can also be excellent host matrices for the maintenance of the activity of many biochemically selective species, such as enzymes, antibodies, and nucleic acids [2] [3] [4] . Using conductance changes through bilayer lipid membranes (BLMs) containing ion-channel forming species is an important avenue of research for devising chemical sensors. While there have been numerous reports already published on this concept, the main problem has *Correspondence to Dimitrios P. Nikolelis. been the lack of a simple/robust experimental arrangement that would enable practical analytical measurements using such principles. Recent research was focused on the preparation of mechanically stabilized BLM assemblies to increase their potential for use as practical biosensors, and to further extend areas of applications. Significant progress in the stabilization of BLMs has been achieved by using ultrafiltration membranes to support BLMs [3] [4] [5] [6] , and by the use of freshly cut metallic surfaces on which BLMs can form [2, [7] [8] [9] . This [3] , antigens (with concurrent regeneration of antibody binding activity) [4] and herbicides [6] . The devices are a cost efficient easy-to-use, fast-responding alternative to standard laboratory analytical and screening methods. Within a single device, a primary transducing element, similar to biological recognition mechanisms, and micromachining technologies are merging to form a unique sensing system. The results from applications of the present thin lipid film technology highlight an improvement of the characteristics of lipid membrane transducers in terms of ruggedness, time of analysis and precision, and these systems offer significant advantages over the existing methods of analysis such as liquid chromatographic (LC) procedures and chromogenic immunoassays.
Experimental
The lipids used for BLM-based biosensors for flow injection experiments include egg phosphatidylcholine (egg PC) and a charged lipid (used to modulate membrane electrostatics or phase structure) such as dipalmitoylphosphatidic acid (DPPA) [10, 11] . These lipid membranes were formed from dilute lipid solutions (0"04 mg/ml total lipid) and contained 15, 35 and 60% (w/w) DPPA. The solutions were prepared daily from stock solutions of PC (2"5 mg/ml) and DPPA (2"5 mg/ml) in n-hexane-absolute ethanol (80 + 20) . The The apparatus for the formation of stabilized BLMs for flow injection experiments has been described elsewhere [3] [4] [5] ; it consists of two identical Plexiglas chambers which are separated by a plastic sheet (PVDC) partition of a thickness of about 10 gm (see figure 1) ..This PVDC was cut to more than twice the size of the contact area of the faces of the chambers and folded in half; an orifice of 0"32 mm diameter was made through the double layer of the plastic film by punching with a perforation tool [12] . [3] , antigens (thyroxin) [4] , insecticides (monocrotofos and carbofuran) [13] , triazine herbicides (simazine, atrazine, and propazine) [6] , gas pollutants (ammonia, and carbon dioxide) [8, 9] , and taste substances [14] . [13] ; the suggestion was to use planar 'free-suspended' BLMs.
However, the adaptation of the interactions of insecticides with BLMs using filter-supported BLMs for the continuous flow monitoring of insecticides is limited by the time delay of insecticide adsorption and partitioning into the lipid membrane and the mechanism of signal generation. This is because insecticides are believed to be buried deeply into BLMs [27] . In an effort to find environmental pollutants which could potentially be monitored using the stabilized systems of BLMs supported in microporous filters [5] (in a continuous or stopped-flow mode), the interactions of triazine herbicides (atrazine, simazine and propazine) with stabilized BLMs composed of egg PC and DPPA were examined [6] . The AI (pA) 0"295 [simazine] (ppb) / 0"226, r 0"997 for simazine, and AI (pa)=0"157 [propazine] (ppb)-t-3"78, r= 0"999 for propazine. In general, a good linear correlation was observed and replicate analyses of simazine and propazine samples indicated that the reproducibility was less than 6%. The calibration graph for the triazine herbicides determination has shown linearity in the concentration range between 0"050 to 1"4 ppm for atrazine, 18 to 210 ppb for simazine, 30 to 300 ppb for propazine. The calibration graph declines for higher concentrations of triazines [28] . The detection limits in the present study are in the order of 40, 8, 20 ppb for atrazine, simazine and propazine, respectively. Repetitive cycles of injection of herbicides have shown no signal degradation during each cycle, implying that there is no sample carryover or membrane memory effects (the relative standard deviation was 2"9%). The return to the baseline after each measurement was almost instantaneous, and this permits repetitive triazine determinations with a rate of about one sample/min.
The time of appearance of the transient response due to BLM/herbicide interactions was different for each triazine and increased to the order of simazine, atrazine and propazine which has allowed selective detection and analysis of these triazines in mixtures. The time delay for the appearance of these transients were 40"7 4-5"1 for simazine and 118 4-14"4 for propazine. The range of time delay for the appearance of the transient signals was between 34 to 50s for simazine (N--11), 62 to 78s for atrazine (N 11) and 96 to 144s for propazine (N 11). The differences observed in the delay time for the appearance of signal of these herbicides has allowed the determination of simazine, atrazine and propazine in mixtures. Figure 8 complete. However, analysis of mixtures of triazines containing total amounts of more than c. 500ppb
demonstrated that the recovery of atrazine was satisfactory, whereas the recovery of simazine and propazine produced negative errors (i.e. a mixture containing amounts of 175 ppb of each triazine has provided peaks corresponding to 84"0, 185 and 69"0 ppb for simazine, atrazine and propazine, respectively). These negative errors for simazine and propazine are due to the limitations previously described for the linearity of calibration graphs and relevant saturation of the BLM. 
